The addition of Tween 80 and sucrose monopalmitate, nonionic surfactants, to fungal cultures resulted in marked increases in yields of the enzymes cellulase, amylase, sucrase, ,B-1 -+ 3 glucanase, xylanase, purine nucleosidase, and benzoyl esterase. The action appears to be an effect of the surfactant on cell permeability.
A few years ago, we reported that cellobiose is an inducer of cellulase, providing that its concentration in the medium is kept low. The enzyme was induced when cellobiose octaacetate served as the carbon source for those fungi which also produced the necessary esterases. By this means, yields of cellulase were obtained which were much higher (4 to 100 times) than those obtained on cellobiose and of the same magnitude as those with cellulose as the inducing agent (6) .
Some time later, we found that other fungi growing on sucrose monopalmitate give yields of sucrase 10 to 16 times those obtained on sucrose (9) . Sucrose plus palmitic acid could not substitute for sucrose monopalmitate. As for cellulase (above), it appeared that supplying the inducer at a low level, through hydrolysis of the ester, was the basis for the increased yield.
This principle was then applied to the induction of a-galactosidase. Melibiose, an a-galactoside, and melibiose octaacetate were tried as inducers, but neither compound gave good yields. Sucrose monopalmitate, however, gave the highest a-galactosidase values. It appeared that some factor other than the ability to yield the inducer was involved in this action of sucrose monopalmitate.
When we investigated the production of nucleosidases (8), we tried adding sucrose monopalmitate and Tween 80 to media containing the inducer. Enzyme production was increased as much as fivefold by the additives in some organisms, but was not affected in other organisms. It thus became apparent that surfactants play a role in the production or in the secretion of microbial enzymes, or in both.
A search of the literature then revealed one prior example of an increase in enzyme production due to nonionic surface active agents, a 30 to 40% increase in amylase yield by Aspergillus niger (10) . The results reported in this paper show increases of much greater magnitude than this.
MATERIALS AND METHODS
Cultures were grown in shaken flasks at 29 C on a simple salts medium (5) containing substrate (0.5 to 1.0%) plus small amounts of yeast extract (0.01%) and peptone (0.05%). Surfactants were added at 0.05 to 0.2% (usually 0.1%). Tween 80 is sorbitan polyoxyethylene mono6leate (Atlas Chem. Co., Wilmington, Del.); sucrose monopalmitate was supplied by the Colonial Sugar Co. (Gramercy, La.). Culture filtrates were assayed for the various types of enzyme activities (5, 6, 8, 9) .
RESULTS
The effects of Tween 80 and of sucrose monopalmitate on the synthesis of four enzymes are shown in Table 1 . Tween 80 was used more extensively than sucrose monopalmitate, chiefly because it is more soluble and easier to handle. Enzyme production by some organisms was only slightly affected by the surfactant. Most organisms were stimulated to increased enzyme production. In general, the percentage increase was greatest for organisms which produce small amounts of enzyme in the control lacking surfactant. The increase was less pronounced in the organisms which are normally good producers of the enzyme. Thus, in Trichoderma viride QM6a, the 13-fold increase in cellulase stimulated by Tween 80 occurred in a cellobiose culture where control yields were low; the 56% increase occurred in a cellulose culture where control yields were much higher.
The addition of Tween 80 to the culture medium gives maximum stimulation of enzyme production when added at zero-time of incubation, but later addition (3rd day) is usually still quite helpful. The results again indicate that the maxi-VOL. 17, 1969 SURFACTANTS AS STIMULANTS OF ENZYME PRODUCTION mum per cent increase in yield is associated with low yield in the controls (lacking surfactant). Thus, in Gliocladium vermoeseni, the control produced only 3 units of esterase/ml, whereas the culture containing Tween 80 was stimulated to yield 13 units/ml. In the Pestalotia virgatula control, a yield of 8 units/ml was obtained, and the addition of Tween doubled the yield.
Since we postulate that the surfactant acts at the cell membrane to release the enzyme, other enzymes should be set free simultaneously. This was generally true (Table 2 ). In 53 enzyme com- (4) reported an increased production of carotene in Neurospora. In this instance, the product remained inside of the cells. Apparently, surfactants do not always work in the same way.
